Introduction
The number of healthcare systems that conduct health technology assessment (HTA) has steadily increased over the last decade. Cost-effectiveness evaluation is a key component of the HTA in some countries such as UK, Canada, and Australia. In these countries, the incremental quality-adjusted life years (QALY) attributable to the use of a new health technology is evaluated against the incremental cost (e.g. National Institute for Health and Care Excellence, 2013) . The resulting incremental costeffectiveness ratio (ICER) is then compared to a threshold to decide if a new health technology is cost-effective. The threshold changes over time based on multiple considerations including inflation.
The QALY-based approach was judged to be flawed by some researchers because it assumes a multiplicative model for the calculation of the QALY values (Duru et al., 2002; Beresniak et al., 2012) . Instead of using ICER, the German and French decision makers for pharmaceutical product reimbursement place their primary focus on determining the clinical benefit from clinical studies. After a clinical benefit has been ascertained, the price is then determined through a complex negotiation process between the manufacturer and the decision makers.
The Federal Parliament (Bundestag) of Germany passed a new law in 2010, called AMNOG (Arzneimittelmarktneuordnungsgesetz), on reimbursement decisions of health technology. The still relatively new law applies to all pharmaceutical products with a new active ingredient that have been launched beginning January 1, 2011. The law was enforced with the political goal of saving the sick Figure 1 The AMNOG process, effective as of 1 January 2011 (vfa, 2012) . funds 2.2 billion € per year (Federal Ministry of Health, 2013) . The process to determine reimbursement decisions under the new law consists of two phases and is described in Fig. 1 . At the product launch, a manufacturer needs to submit a Benefit Dossier intended to show that the new product has additional benefit against a comparator (zweckmäßige Vergleichstherapie, zVT) determined by the Federal Joint Committee (Gemeinsamer Bundesausschuss, G-BA). The G-BA is the highest self-governing decision-making body of physicians, dentists, hospitals, and health insurance funds in Germany. It issues directives for the benefit catalog of the statutory health insurance funds and specifies measures for quality assurance in inpatient and outpatient areas of the healthcare system. Additional benefit needs to be demonstrated in patient relevant endpoints such as mortality and morbidity. The G-BA retains the Institute for Quality and Efficiency in Healthcare (Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen, or IQWiG) to conduct benefit assessment.
IQWiG is a professionally independent and scientific institute that investigates the benefits and harms of medical interventions and is funded by contributions from insurers. It should be noted that the G-BA and IQWiG are responsible for different regulations. G-BA, through the Rules of Procedure it issued, regulates the methodological requirements for the scientific assessment of the benefit. The Rules of Procedure also contain regulations on the independence and on possible conflicts of interest, as well as on hearing procedures for directives (http://www.english.g-ba.de/legalmandate/rules/). The basis for IQWiG's assessment is the General Methods paper (IQWiG, 2013) issued by the Institute. The General Methods paper describes the procedures IQWiG follows in its benefit assessment. The steps the Institute chooses to assess a specific medical intervention depend primarily on the research question posed and the available scientific evidence.
After receiving IQWiG's recommendation, the G-BA has up to 3 months to decide on the benefit of the new product relative to the chosen comparator. The G-BA will classify the benefit into one of six categories: major additional benefit, considerable additional benefit, minor additional benefit, additional benefit not quantifiable, no additional benefit, and benefit smaller than that of the comparator. While the G-BA takes IQWiG's recommendation into consideration, the G-BA is not obligated to C 2015 The Authors Biometrical Journal Published by Wiley-VCH Verlag GmbH & Co. KGaA www.biometrical-journal.com follow IQWiG's recommendation exactly. After the G-BA assessment a manufacturer has the option to withdraw the product without having a price ever discussed in Germany.
Price negotiations take place during the second phase. If the new product is deemed to have no additional benefit, it will go into a fixed reference price group. If a fixed reference price group does not exist, the maximum price at which the new product can be reimbursed is the price of the chosen comparator. On the other hand, if the G-BA judges the new product to have an additional benefit, the manufacturer will be invited to engage in price negotiations with the National Association of the Statutory Health Insurance (Spitzenverband der gesetzlichen Krankenkassen, GKV-SV). Product price, as a discount on the sales price set by the manufacturer, has to be negotiated within 6 months. The negotiated price becomes effective 12 months after the Benefit Dossier submission (or product launch). During these 12 months, the manufacturer can set the price for the product. If the negotiations do not yield an agreement, either side can appeal to an Arbitration Board (according to § 130b SGB V). The Board will determine the product price and the price will apply retroactively. A manufacturer can decide to withdraw their product from the German market after the Board's decision, but the new price would be available for cross-referencing and could impact price negotiations in other countries. The two-phase process shows the importance of demonstrating the additional benefit of a new product.
There are exceptions to the two-phase process. For example, an assessment of the additional benefit for an orphan drug will take place only if the annual sales are expected to exceed EUR 50 million. In this case, the G-BA will conduct the assessment itself based on the Benefit Dossier submitted by the manufacturer. This is illustrated by the path from "Manufacturer submits dossier" to "Reference price" and to "G-BA makes decision regarding additional benefit" in Fig. 1 . According to Section 12 in Chapter 5 of the G-BA Rules of Procedure (G-BA, 2011a), certain parts of the Benefit Dossier are not required in the case of an orphan drug.
The primary objective of this paper is to offer statisticians working in the pharmaceutical industry who are planning Phase III trials an overview of the requirements of the G-BA and IQWiG in conducting benefit assessments. In Section 2, we discuss, from an industry perspective, requirements, and issues associated with IQWiG's and G-BA's assessment of additional benefit. We focus on seven areas: the choice of the comparator, patient relevant endpoints, subgroup analyses, extent of benefit, determination of net benefit, primary and secondary endpoints, and certainty of the additional benefit. We contrast the approaches taken by the G-BA and IQWiG in their benefit assessment with those of the European Medicines Agency (EMA), which makes marketing authorization decisions. For principles underlying regulatory decisions, we reference primarily the International Conference on Harmonization (ICH) E9 (Statistical Principles for Clinical Trials, 1998) document. Since 1998, ICH E9 has been the primary reference for statistical principles governing clinical trials in support of marketing applications in Europe, Japan, and the United States. For approaches behind G-BA/IQWiG's decisions, we reference IQWiG's General Methods paper, German Social Code Book, and G-BA's Rules of Procedure.
Even though the most current German version of the G-BA Rules of Procedure is G-BA (2014), we reference the English translation of a previous version in this paper so that more readers are able to understand the contents of the document. In general, we reference the English translation of a document if a translation exists. It should be understood that only the original German document is legally binding.
We recognize that the legal requirements and the tasks for G-BA/IQWiG and EMA differ, leading to potential differences in approaches and methods adopted by different decision bodies. In this paper, we identify these differences and propose ways to address these differences. By submitting our proposals, we are also inviting other statisticians who design and analyze clinical trials to join us in developing solutions to minimize the impact of the identified differences.
Assessment of additional benefit
When assessing a new product, a Benefit Dossier has to answer four questions broadly (G-BA, 2011a). They are:
(i) Is an additional benefit over the comparator determined by G-BA proven? (ii) Are there special patient groups with an additional benefit? (iii) How large is the benefit? (iv) How certain are we about the conclusions?
In this section, we will discuss seven issues on how benefit assessments are conducted, based on our understanding of how the new law is implemented. We discuss these issues from an industry perspective.
Choice of the comparator
From a manufacturer's perspective, the way G-BA chooses the comparator for the benefit assessment is one of the most contentious points. The comparator is determined by the criteria in Table 1 extracted from Section 6 of the English version of G-BA's Rules of Procedure (G-BA, 2011a) .
Recently, there has been a change to the rules in that Criterion 5 is used only for price negotiations, and not for determining the comparator. Under the revised rules, a manufacturer could choose the comparator if several comparators are allowed.
In general, the G-BA's decision on the comparator is driven by label and medical guidelines. The decision could also depend on a patient's disease state prior to initiating a new treatment. For example, when deciding on the comparator for patients with locally advanced or metastatic nonsmall cell lung cancer, the G-BA may choose a different comparator for cancer patients with different ECOG (Eastern Cooperative Oncology Group) performance status (PS). In a recent assessment, the G-BA determined that the comparator should be chemotherapy (e.g. docetaxel or pemetrexed) for patients with ECOG PS 0-1 and PS 2. Since patients with more advanced ECOG PS 2, or PS 3 or 4, cannot receive chemotherapy due to poor general health, the G-BA considered the comparator for these patients to be the best supportive care. So, if a manufacturer conducted studies that compared a new treatment with chemotherapy in patients with ECOG PS 0-2, the G-BA will consider data related to patients with ECOG PS 3-4 as missing and that there is no proven additional benefit from the new treatment in the PS 3-4 population. This will be taken into consideration during price negotiations. This is different from obtaining marketing authorization. Regulators do not necessarily restrict approval to the subgroup of PS 0-2 even though the registration studies were conducted only in these patients as long as there Table 1 G-BA criteria for determining the appropriate comparators (zVT) (G-BA, 2011a).
1
Insofar as a medical therapeutic indication is considered as the comparator, the pharmaceutical must be authorized for the therapeutic indication. 2
Insofar as a nonmedicinal treatment is considered as the comparator, this must be deliverable within the framework of the statutory health insurance. 3
Medical therapeutic indications or nonpharmaceutical treatments are preferred as comparator, whose patient-relevant benefit has already been determined by the Federal Joint Committee. 4
The comparator should belong to the appropriate therapy in the therapeutic indication according to the generally accepted state of medical knowledge. (2013)) It is not unusual for the G-BA to choose a comparator that differs from that included in the Phase III trials used to support regulatory approval even if the comparator was the result of consultation with the EMA. When this happens, the Benefit Dossier will not include a head-to-head direct comparison between the new product and the comparator chosen by the G-BA since the manufacturer's Benefit Dossier is typically based on pivotal registration studies. This creates a significant challenge for the manufacturer. While a manufacturer can estimate the extent of additional benefit of a new substance over the comparator using indirect comparisons (IC), ICs bear a high potential for bias. This is reflected in the assessment of the probability of an additional benefit. This and the role of ICs in the benefit assessment by IQWiG are further discussed in Section 2.7.
In order to meet the requirements of the G-BA and the EMA on the selection of a suitable comparator, we encourage the adoption of a parallel consultation process where input can be sought from all relevant parties concurrently. When opinions differ, we hope efforts such as seeking medical expert opinions could be made to resolve the differences among the various decision-making bodies.
Patient-relevant endpoints
Regulation for Pharmaceutical Benefit Assessments ("AM-NutzenV") in Germany (http://www.gesetze-im-internet.de/am-nutzenv/__5.html) requires that pharmaceutical manufacturers demonstrate the added value of their products through a benefit assessment based on patient-relevant endpoints.
IQWiG describes patient relevant endpoints in their General Methods paper (IQWiG, 2013) as follows: " . . . "patient-relevant" refers to how a patient feels, functions, or survives. Consideration is given here to both the intentional and unintentional effects of the intervention that in particular allow an assessment of the impact on the following patient-relevant outcomes to determine the changes related to disease and treatment: (1) mortality, (2) morbidity (symptoms and complications), (3) health-related quality of life." Safety endpoints such as adverse events may also be relevant. Safety laboratory parameters are generally not accepted as patient-relevant endpoints in a benefit assessment except when a change in a safety parameter represents a serious adverse event that has serious consequences for patients.
If a surrogate endpoint is used, its surrogacy for the clinical endpoint needs to be validated. IQWiG describes methods and procedures to validate a surrogate endpoint (IQWiG Reports, 2011a) . The methods, based on the work of Piedbois (2008, 2010) , Lassere (2008) , and Buyse et al. (2015) , examine the correlation between the alleged surrogate endpoint and the clinical endpoint, both within studies and across studies. The overall correlation is derived from a meta-analysis of randomized clinical trials and needs to be high for an endpoint to qualify as a surrogate. For high correlation, IQWiG requires the lower bound of the confidence interval for the correlation coefficient to be greater than 0.85. Based on this criterion, IQWiG (2011a) concluded that there is not an adequate investigation of the validity of progression-free survival (PFS) as a surrogate endpoint for overall survival (OS) in breast cancer, colon cancer, and renal cell carcinoma. Furthermore, PFS as defined by the RECIST criteria (Eisenhauer et al., 2009 ) is based on radiographic assessment and is, therefore, not seen as a patient-relevant endpoint by IQWiG.
By comparison, regulators have accepted PFS as a primary endpoint on many occasions (European Medicines Agency, 2013). On the occasions when PFS is accepted as the primary endpoint, marketing authorization is typically conditioned on the new treatment not decreasing the OS when compared with the control in the study. In other words, a new treatment with a benefit on PFS and a noninferior benefit on OS (relative to a control) could be approved by regulators. When presented with the same data, IQWiG may conclude that additional benefit could not be proven. Composite endpoints that have been traditionally used as the primary endpoints in many large registration trials can now be questioned by IQWiG. For example, when assessing the benefit of a new anti-coagulant (IQWiG, 2012a), IQWiG did not accept asymptomatic embolism as a component of a composite endpoint even though the study specified the composite endpoint of stroke and systemic embolism (both symptomatic and asymptomatic) as the primary endpoint.
Redefining a composite endpoint after the study was completed is problematic from a manufacturer's perspective. For one thing, removing a component in a composite endpoint could reduce the power of the study. Many composite endpoints are analyzed by time-to-event methods that compare time to the first occurrence of the composite endpoint between two treatment groups. Under the proportional hazard assumption, the semi-parametric log hazard ratio estimate has an asymptotic variance that is a decreasing function of the number of events in the two treatment groups. Therefore, reducing the number of events in the groups by removing a component from the composite endpoint leads to a larger variance for the log hazard ratio estimate and a wider confidence interval for the log hazard ratio. This could translate to a lower power to detect a hazard ratio that is less than one at a fixed significance level.
Because of the above, we do not support changing the definition of a primary endpoint after a study has been completed. If the G-BA insists on removing a component from a composite endpoint, we suggest the use of a lower confidence level when constructing a confidence interval. A lower confidence level could mitigate the increase in variance due to a reduction in the number of events in the two groups. The reduction in the confidence level should reflect the total number of events removed. The advantage of this approach is that, even with a lower confidence level, the point estimate for the additional benefit still needs to be of a certain magnitude for the confidence interval to meet the efficacy requirements.
Subgroup analysis
ICH E9 states that in most cases subgroup analyses are exploratory and should be clearly identified as such. Subgroup analyses are conducted to explore, rather than confirm, the uniformity of an observed overall treatment effect. When subgroup analysis is conducted to verify an anticipated difference in treatment effect, it should be part of the planned confirmatory analysis.
AMNOG requires subgroup analyses for age, gender and other possible effect modifiers. The latter includes stratification variable(s) in a stratified randomization. To assess the impact of an effect modifier on the treatment effect, IQWiG (2013, Section 7.3.8.(C)) requires an interaction test. If the p-value from the interaction test is > 0.20, IQWiG will conclude "no evidence for interaction." If the p-value is between 0.05 and 0.20, IQWiG will conclude a "hint of an interaction." In this case, results from the pooled data and results observed in the subgroups need to be reported. If the p-value is < 0.05, this will be interpreted as a "proof of interaction." When this happens, data may not be pooled and results need to be reported for each subgroup individually.
In addition to effect modifiers, the G-BA can require subgroup analyses that result from dividing (slicing) the study population into subpopulations. The G-BA may request comparing a new intervention to different comparators in the subpopulations.
Demonstrating additional benefit in subgroups in the fashion required by the G-BA (see Section 2.4) without adequate upfront sample size planning can be problematic for a manufacturer. This challenge can then be further exacerbated if the G-BA requires different comparators to demonstrate additional benefit in different subpopulations. Bender and Lange (2001) cautioned that a difference in the observed treatment effects between subgroups could be completely due to sampling variability and pointed out the danger of selecting subgroups based on the observed treatment effect to draw statistical inference. Paget et al. (2011) associated with subgroup analyses, sensitivity analysis to support subgroup findings, replication of subgroup results, source of subgroup evidence, presentation, and reporting of subgroup analyses. Many of these are acknowledged in IQWiG's General Methods paper (IQWiG, 2013) .
We support the position of ICH E9 and the considerations advocated by Paget et al. (2011) . While we understand the desire to conduct subgroup analysis in support of the search for personalized medicine, we are concerned that subgroup analyses conducted in the manner by IQWiG and G-BA could lead to unintended consequences. In January 2014, the EMA released a draft guideline on the investigation of subgroups in confirmatory clinical trials for public consultation (EMA, 2014). We encourage collaborations between regulators, HTA decision makers, and academic researchers on this subject so that health care decisions based on subgroup results could be made in a science-based and consistent manner.
Extent of benefit
The G-BA classifies benefit into one of six categories: major additional benefit, considerable additional benefit, minor additional benefit, additional benefit not quantifiable, no additional benefit, and benefit smaller than comparator (G-BA, 2011a (G-BA, , 2011b . Table 2 describes the basis for the classification.
AMNOG itself is vague on the quantitative definition of an additional benefit. Since IQWiG is obligated to give the G-BA a recommendation on the extent of additional benefit, IQWiG developed criteria to quantify the benefit (IQWiG, 2013). IQWiG's rationale is described briefly as below.
IQWiG has categorized patient-relevant endpoints into survival, severe symptoms and side effects, quality of life, and nonsevere symptoms and side effects. In Djulbegovic et al. (2008) , a relative risk (RR) of 0.5 for mortality was observed and the new treatment was considered a breakthrough. IQWiG translated this to mean "considerable or major benefit" concerning survival (IQWiG, 2013) . Assuming a survival endpoint with a true RR of 0.5 and two well-powered studies (trials of the size like PLATO (IQWiG, 2011b) or TRITON (Antman et al., 2008) ), IQWiG calculated a 95% CI for the RR in a meta-analysis combing data from two studies. They found the upper limit of the CI close to 0.85. Based on this insight, IQWiG (2013) decided that for a survival endpoint, the upper limit of the 95% CI for RR must be below 0.85 to qualify for the "major" benefit category. To qualify for the "considerable" benefit category, the upper limit must be less than 0.95. If the upper confidence limit is greater than 0.95 but less than 1.0, the added benefit is classified as "minor." Table 2 Basis for classifying additional benefit (modified from G-BA, 2011a).
Extent of the additional benefit (categorization)
Basis for the classification Major A sustained improvement of the therapy-relevant benefit that was previously unattained compared to the appropriate comparative therapy Considerable A significant improvement of the therapy-relevant benefit that was previously unattained compared to the appropriate comparative therapy Minor A moderate and not just small improvement of the therapy-relevant benefit that was previously unattained compared to the appropriate comparative therapy Not quantifiable
Because the scientific data basis does not allow it None
No additional benefit has been demonstrated Smaller benefit
The benefit of the medicinal product to be assessed is smaller than the benefit of the appropriate comparative therapy a) The endpoint should be a patient-relevant endpoint or a validated/established instrument. The comparative measure is the relative risk for an undesirable outcome between the new treatment and the comparator. b) Percent of undesirable outcome is ࣙ 5% in at least one of the two groups compared.
To qualify for a benefit category for an endpoint, the upper limit of a 95% confidence interval for the comparative measure needs to be lower than the value in the table.
Added benefit on severe symptoms and quality of life is perceived to have less value compared to that of survival. To qualify for the "major" category, the upper limit of the 95% CI must be below 0.75, which corresponds to a true RR of 0.17. In other words, a greater treatment effect is required of benefit on severe symptoms and quality of life to qualify for the "major" category. If benefit is measured by treatment effect on nonsevere symptoms, the benefit could never qualify for the "major" category. The upper limit of the CI for such an endpoint needs to be 0.80 and 0.90, respectively, to qualify for "considerable" and "minor" category. The requirements on the upper limit to qualify for different categories of added benefit under different types of endpoints are given in Table 3 .
An advantage of Table 3 is its transparency in that a manufacturer knows what to expect. The approach has been criticized by some researchers (e.g. Röhmel, 2013) . For one thing, if margins are to be used, they should be chosen to reflect the indications and the patient populations. It does not seem sensible to have one set of margins applying to all situations. Second, the margins are based on a relative risk measure. There are many situations where the impact of the benefit attributable to a new treatment is better measured on an absolute scale than a relative one. For example, a reduction in the mortality risk from 60 to 40% has a greater healthcare implication than a mortality reduction from 30 to 20%, but both reductions have the same RR. Third, the margins are based on the expectation of two large studies. Many development programs that investigate the effect of a new treatment on mortality and/or major morbidity (e.g. anti-coagulants or anti-platelets, oncology products) conduct only one large phase III trial. The expectation of two large outcome trials is especially unrealistic for a new indication on mortality or severe morbidity for an approved drug. Skipka et al. (2015) proposed a methodological approach to determine major, considerable, and minor treatment effects in the early benefit assessment of new drugs. Additional discussions on the use of formal criteria to check clinical relevance in randomized clinical trials as part of a benefit assessment strategy is given by Vach and Gladstone (2015) .
We believe this is one area where we especially need our academic colleagues to join in and conduct research to provide more insight into the choice of the comparative measure, thresholds to define benefit categories, one study against two studies, and how decisions on these issues will impact the design and analysis of registration trials. We understand that the magnitude of an observed treatment effect is also important to regulators when judging whether an observed benefit is clinically meaningful or not. However, the latter is typically done in the context of the disease population and the overall evidence instead of applying a prespecified set of thresholds to all situations. 
Determination of net benefit
When a new treatment is associated with more adverse reactions than the comparator, the benefit category could be downgraded by 1 or 2 levels, based on the severity and seriousness of the adverse reactions. Lack of data could also result in downgrading. For example, the benefit of cabazitaxel on mortality in patients with advanced prostate cancer was initially judged to be considerable. However, severe side effects resulted in a net-benefit designation of "minor" for the product (G-BA, 2012a; IQWiG, 2012b). Ipilimumab's benefit on mortality was originally considered to be major. Because of considerable damage potential for serious and severe immune-mediated adverse events, the added benefit was downgraded to "considerable" by IQWiG (G-BA, 2012b; IQWiG, 2012c) .
In both cases, the decisions did not seem to weigh adverse reaction data in a quantitative analysis. In recent years, the EMA has sponsored a benefit-risk methodology project that published several work package reports available at http://www.ema.europa.eu/ema/index.jsp?curl=pages/special_topics/ document_listing/document_listing_000314.jsp&mid= WC0b01ac0580665b63. During the same period, the PROTECT project sponsored by Europe's Innovative Medicines Initiative and the European Federation of Pharmaceutical Industries and Associations has completed several case studies to illustrate benefit-risk assessment methodologies. These case studies are available at http://www.imiprotect.eu/benefitsRep.shtml. We feel that work by the above groups represent a good attempt at creating a structured framework to conduct benefit-risk assessment. In this special issue, Nixon et al. (2015) and Waddingham et al. (2015) discuss options to conduct structured benefit-risk assessment. We hope that IQWiG would consider taking advantage of the output from the above efforts in determining the net benefit.
Primary and secondary endpoints
The analysis and interpretation of clinical trial results depends on the trial design, which includes a deliberation of primary and secondary endpoints. When there are multiple primary endpoints, a multiple comparison procedure needs to be prespecified to control the Type-I error rate for the primary inference. If a treatment effect is found to be statistically significant at the prespecified significance level, the treatment is said to be efficacious. Analysis of secondary endpoints offers support to the primary endpoint(s) and provides helpful information to healthcare providers and patients (Stone and Chuang-Stein, 2013) . The distinction between primary and secondary endpoints is important not only for interpreting trial results, but in the trial's ability to draw inference with adequate power.
According to Section 2.2.2 of ICH E9, the primary endpoint should generally be the one to determine the sample size of a study. In practice, primary endpoints for registration trials are selected in agreement with regulators and supported by medical experts. The same subsection in ICH E9 also states that the primary endpoint should be specified in the protocol. It further states that redefinition of the primary endpoint after trial results are known will almost always be unacceptable, since the biases this introduces are difficult to assess. As for secondary endpoints, ICH E9 states that their predefinition in the protocol is also important. There needs to be an explanation of the roles of secondary endpoints in interpreting trial results.
Because AMNOG focuses on patient-relevant endpoints, IQWiG does not necessarily accept prespecified primary endpoints or distinguish between primary and secondary endpoints. The case of removing asymptomatic embolism from the primary composite endpoint in the assessment of an anticoagulant mentioned in Section 2.2 is an example of disregarding a prespecified primary endpoint. Choosing a nonprimary endpoint as the basis for decision may not be an issue when decisions are made based on a meta-analysis of multiple studies, because the strength of the evidence comes from multiple studies. Unfortunately, the number of studies with IQWiG-required endpoints at the time of IQWiG's benefit assessment is typically limited. The situation is especially problematic when there is only one large registration trial. We prefer that the original choices of endpoints in a trial be used in IQWiG's benefit assessment. We encourage pharmaceutical companies to seek early advice, which may lead to modifications to the development program. On the rare occasions when a component of a composite endpoint is removed, we propose in Section 2.2 a possible way to handle the situation. The same approach could be considered when another endpoint is used to make the benefit decision. The basic idea is to adjust the confidence level, if necessary, to compensate for the lack of precision in the estimated treatment effect because the study is not sized to have enough precision for estimating treatment effect on the endpoint(s) chosen by IQWiG.
Certainty of conclusion on additional benefit
The quality of the studies and data included in the Benefit Dossier needs to be described. IQWiG prefers data from head-to-head comparisons in randomized clinical trials. When a head-to-head comparison is not available, IQWiG will accept indirect comparison but states that this will lead to in more uncertainty about the results.
IQWiG's assessment of certainty of conclusions is aligned with the international standards of evidence-based medicine such as the GRADE guidelines (Atkins et al., 2004) . When there is only one study, this will not automatically lead to a downgrading of the certainty level if the study has high quality, a large sample size, and a robust estimate for the treatment effect.
IQWiG gives the following criteria for Proof, Indication and Hint for conclusions on additional benefit (IQWiG, 2013, Table 2 ):
(i) Proof (highest certainty of conclusions): meta-analysis demonstrating a homogeneous and statistically significant effect with high qualitative certainty of the results; at least two independent studies demonstrating clear treatment effects in the same direction with high qualitative certainty of the results. (ii) Indication (medium certainty of conclusions): meta-analysis demonstrating a homogenous and statistically significant effect or multiple studies demonstrating clear treatment effects in the same direction, both with moderate qualitative certainty of the results; individual studies demonstrating moderate treatment effects in the same direction with high qualitative certainty of the results; a single study demonstrating a statistically significant effect with high qualitative certainty of the results. (iii) Hint (weakest certainty of conclusions): meta-analysis demonstrating a homogeneous and statistically significant effect or multiple studies demonstrating clear treatment effects in the same direction, both with low qualitative certainty of results; individual studies demonstrating moderate treatment effects in the same direction with moderate qualitative certainty of the results; a single study demonstrating a statistically significant effect with moderate qualitative certainty of the results.
Under the above criteria, there is almost no chance for an oncology product to receive a "Proof" level designation. When the G-BA-chosen comparator is not the control used in the registration trials, indirect comparisons (Bucher et al., 1997) and mixed treatment comparisons (Lu and Ades, 2004) that preserve randomizations within individual trials could be used to conduct benefit assessment. Unfortunately, indirect comparisons that preserve randomizations are not always possible due to differences in study design, differences in inclusion/exclusion criteria across studies, or simply the lack of a common treatment across the set of trials.
In our opinion, the 3-level categorization needs revision for at least two reasons. First, regulatory approvals for conditions with unmet medical needs may be based solely on single arm studies. This is especially the case for conditional approvals. Second, an indirect comparison that preserves study randomization may not be possible. In this case, an indirect comparison using methods such as matching-adjusted indirect comparison (Signorovitch et al., 2012) For these two reasons, we consider a fourth category below "Hint" would be helpful to reflect the status of the available evidence in these two cases and could aid price negotiations. We hope IQWiG would be open to such an addition.
Summary
In this paper, we raised questions related to the implementation of AMNOG from an industry perspective. Many of our comments relate to the scientific basis for making pricing and reimbursement decisions. ICH E9 provides background for our comments concerning regulatory approval decisions. One of the tenets of statistical principles in ICH E9 is prespecification. This applies to primary and secondary endpoints, analysis methods, and the analysis sets. We contrast these principles with those adopted by IQWiG and the G-BA in conducting benefit assessments.
While we recognize that the objectives of the benefit assessment required under AMNOG are different from those underlining regulatory decisions, we feel that a stronger link is needed between the way IQWiG/G-BA conducts its benefit assessment and that adopted by the regulatory body (e.g. EMA). This could help reduce confusion and provide some level of consistency in benefit determinations from different decision-making authorities.
We have proposed some possible alternatives in Section 2. We encourage manufacturers to seek parallel consultations with regulatory and HTA decision-making bodies when designing registration trials. When conducting benefit assessments, we prefer following prespecified rules to protect the integrity of the statistical inference. On the rare occasion when deviations from prespecified choices are necessary, we propose a general concept of adjusting the confidence level to construct confidence intervals for treatment effect on endpoints that do not have enough precision under the existing study design. We invite our academic colleagues to conduct research to decide if this could be a viable alternative. Furthermore, we invite our academic colleagues to join in and conduct research that could help solve issues raised in this paper.
